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CHAPTER  1 


FENDER  SYSTEM 


SECTION  1 INTRODUCTION 


1.1.1  PURPOSE 

Advanced  development  tests  of  the  elevated 
causeway  were  performed  to  evaluate  system  hard- 
ware using  an  adequate  number  of  pontoon  sections, 
existing  military  lighters  and  trucks,  and 
8 X 8 X 20-foot  (2.4  x 2.4  x 6-m)  commercial  contain- 
ers. The  equipment  tested  included  four  specially 
a.ssembled  NI.  pontoon  pierhead  sections  with  inter- 
nal spudwells,  five*  existing  pontoon  sections  equip- 
ped with  external  spudwells,  two  types  of  plastic 
foam  fender  systems,  three  types  of  Navy  lighters, 
one  type  of  Marine  Corps  tractor/trailer,  a turntable, 
and  two  types  of  commercial  container  handlers.  In 
addition,  other  selected  hardware  items  were  evalua- 
ted during  the  operation.  Timing  data  were  taken  at 
all  pertinent  points  of  the  operation;  however,  this 
information  was  considered  to  be  secondary  to  deter- 
mining any  operational  limitations,  proper 
procedures,  and  problems  requiring  further  develop- 
ment effons. 

1.1.2  BACKGROUND 

non  planning  for  the  logistics  support  to  sustain 
major  contingency  operations,  including  amphibious 
assault  operations  and  l,ogistics-Over-the-Shorc 
(LOTS)  evolutions,  relies  extensively  on  the  utiliaa- 
iion  of  U.  S.  Flag  commercial  shipping.  Since  the 
mid-1960s  commercial  shipping  has  been  steadil 
shifting  towards  containerships, 
Roll-On/Roll-Off/(RO/RO)  ships,  and  bargeships  (c.g., 
I.ASII,  SEABEE)  By  1985  as  much  as  85%  of  U.  S. 
Flag  sealift  capacity  may  be  in  container- 
capable  ships  - mainly  non-self-sustaining  (NSS)  con- 
tainer-ships. Such  ships  cannot  operate  without  exten- 
sive port  facilities. 


Amphibious  assault  and/or  LOTS  operations  arc 
usually  conducted  over  undeveloped  beaches,  and  ex- 
peditious response  times  preclude  conventional  port 
development.  The  handling  of  containers  in  this 
environment  presents  a serious  problem.  This 
problem  is  addressed  in  the  overall  DOD  Over- 
the-Shore  Discharge  of  Cargo  (OSIX)C)  efforts,  which 
involve  developments  by  the  Army,  Navy,  and  Marine 
Corps.  Guiding  policy  is  documented  in  the  “DOD 
Project  Master  Plan  for  Surface  Container-Supported 
Distribution  System”  and  the  OASD  l&l,  system 
definition  paper  “Over-the-Shore  Discharge  of  C.argo 
(OSDOC)  System.” 

In  response  to  the  DOD  Master  Plan,  Navy'  Opera- 
tional Requirement  (OR-YSI.03)  has  been  prepared 
for  an  integrated  Qintaincr  Off-I.oadiiig  and  Transfer 
System  (COTS)  for  discharging  container-capable 
ships  in  the  absence  of  port  facilities.  The  COTS  Navy 
Development  Concept  (NDCP)  No.  YSI.03  was  pro- 
mulgated July  1 975,  and  the  Navy  Material 
Command  was  tasked  with  development.  The  Naval 
Facilities  Engineering  Command  has  been  a.ssigned 
Principal  Development  Activity  (PDA)  with  the  Naval 
Sea  Systems  Command  assisting.** 

The  (iOTS  advanced  development  program 
includes  the  ship  unloading  subsystem,  the  ship-to- 
shorc  subsystem,  and  common  system  elements.  The 
ship  onloading  subsystem  includes:  (a)  the  develop- 
ment of  Temporary  Container  Discharge  Facilities 
(TCDF)  employing  merchant  ships  and/or  barges  with 
add-on  cranes  and  support  equipment  to  off-load 
iHin-self-sustaining  containerships  alongside;  (b)  the 
development  of  Crane  on  Deck  (COD)  techniques  and 
equipment  for  direct  placement  of  cranes  on  the 
decks  of  NSS  containerships  to  render  them 
icif-sustaining  in  an  expedient  manner;  (c)  the 
Jevciopment  of  equipment  and  techniques  to  off-load 
RO/RO  ships  offshore;  and  (d)  the  development  of 
interface  equipment  and  techniques  to  enable  ship 
discharge  by  hdicopters  (cither  existing  or  projected 
in  other  development  programs). 


*Six  Mctiom  were  uvii  iHifintlly,  hut  one  icctioii  was  lost  during  the  early  part  of  the  Phase  II  tests. 

**NAVFAC  Program  Plan  for  Container  (Iff-Iatading  and  Transfer  System  (COTS)  of  April  1977. 
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The  ship-to-shorc  subsystem  includes  the  develop- 
ment of  elevated  causeways  to  allow  cargo  handling 
over  the  surfline  and  development  of  self-propelled 
causeways  to  transport  cargo  from  ships  to  the  shore- 
side  interface. 

rhe  commonality  subsystem  includes:  (a)  the 
development  of  wave  attenuating  lethercd  bloat 
Kreakwaters  ( I I K)  to  provide  protection  to  C'.OTS 
t)pcrating  elements;  (b)  the  development  of  special 
cranes  and/or  crane  systems  to  compensate  for  con- 
tainer motion  experienced  during  afloat  handling;  (c) 
the  development  of  transportability  interface  items  to 
enable  transport  of  essential  outsi/.ed  COTS  equip- 
ment on  merchant  ships  — particularly  bargeships; 
and  (d)  the  development  of  system  integration 
components,  such  as  moorings,  fendering,  communi- 
cations and  services. 

The  (iivil  l-.ngineering  Laboratory  (CKL),  NCBC, 
Port  llueneme,  ('.alifornia,  was  designated  by  the 
Naval  1-acilitics  Lngineering  Command  (NAVFAC)  as 
the  responsible  laboratory  for  the  ship-to-shore 
subsystem.  These  five  volumes  cover  only  that  por- 
tion of  the  ship-to-shorc  subsystem  related  to  the 
elevated  causeway  components  and  associated 
container-handling  operations. 

C.F.I.  planned  the  elevated  causeway  tests  in  two 
phases.  The  first  phase  tests,  which  were  conducted 
from  16  June  to  16  Julv  1975  by  CFil.  at  an  open 
beach  site  at  Point  Mugu,  (California,  were  designed  to 
investigate  operational  and  structural  capabilities  of 
the  Nl.  elevated  causeway  and  to  develop  operational 
procedures.  No  container-handling  tests  were  in- 
cluded in  this  phase. 

The  Phase  II  tests  were  designed  to  be  conducted 
by  the  military  operators,  i,c.,  PMIBCB-ONK  and 
ACU-ONF.,  Coronado,  California,  to  determine  opera- 
tional limitations  and  any  further  development  re- 
quirements. C.ontainer-handling  operations  were 
included  in  these  tests.  The  landing  site  was  loeated 
on  Silver  Strand  Beach,  (irecn  Beach  Two,  at 
coordinates  J2'’30'  08"  latitude,  1 17“  09'  25"  longi- 
tude, A survey  of  the  landing  site  showed  a beach 
gradient  of  about  1:30,  a 20-fcH)t  (6-m)  water 
depth  6(K)  feet  (183  m)  offshore  at  aero  tide.  The 
pier  was  elevated  by  PIIIR(CB-()NF.  beginning  12 
November  1975  and  finishing  on  26  November  1975. 
7'he  container-handling  crane  was  positioned  on  the 
pierhead  on  1 December  1975.  Container-handling 


operations  began  on  2 December  and  were  completed 
on  5 December  1975.  The  pier  was  left  elevated  until 
5 January  1976  to  check  for  piling  settlement  and  to 
provide  an  opportunity  for  the  pier  to  encounter 
rough  seas,  and  it  was  then  disassembled  from  5 Jan- 
uary to  10  January  1976.  A 16-mm,  color,  sound 
movie  has  been  prepared  that  covers  the  Phase  II 
tests. 

I.I.3  REPORT  COVERAGK 

The  final  documentation,  which  covers  results  of 
both  Phase  I and  Phase  II  tests,  consists  of  a summary 
report  (Volume  I)  with  environmental  data  observed 
during  the  tests  and  four  separate  technical  volumes. 
The  four  technical  volumes  cover  the  following: 

1.1 .3.1  Volume  II 

The  elevating  mechanism  or  lift  system  and 
alternative  lift  procedures  and  associated  equipments 
are  covered.  A human  engineering  study  was  made  of 
both  the  elevated  causeway  system  hardware  and  the 
associated  operational  procedures.  This  study  was 
conducted  by  the  Human  Factors  Technical  Division, 
Naval  Electronics  laiboratory  (X-nter,  San  Diego. 

1.1. 3. 2 Volume  III 

The  pontoon  equipment  (including  section 
assembly,  internal  and  external  spudwells),  structural 
reinforcements  required  for  the  container-handling 
crane,  side  connectors,  and  results  of  structural  be- 
havior tests  are  described. 

1.1. 3. 3 Volume  IV 

The  fender  system,  installation  procedures,  and 
lighterage  impact  tests  arc  covered.  Lighterage- 
motions  recorded  during  the  container-handling 
operations  arc  also  citmpiled. 

1.1 .3.4  Volume  V 

1'his  volume  details  the  container  handling,  i.c., 
container-transfer  rates,  container  crane,  containers, 
lighters.  Marine  Corps  truck/trailers,  pontoon  deck 
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reinforcement,  turntable,  beach  ramp  and  matting, 
and  air  bearing  transporters.  An  alternate  method  of 
ship-to-shore  container  transfer,  i.e.,  the  load-on/roll- 
off  cause  ferry  system  (l.o/Ko),  using  a eommcrcial 
top-lift  loader  was  tested  and  is  described. 


SKCTION  2 


I'KNDKR  SYSTKM  POK  KLPV  ATH)  CAIJSKWAY 


1.2.1  DKSIGN  CRITKRIA 

rhc  elevated  eauseway  is  eomprised  of  a number 
of  3x15  NI.  pontoon  sceiions  |21.0  feet  (6.4  m)  wide 
and  90.0  feet  (27.4  m)  longl  which  are  end-linked 
and  side-eonneeted  together  and  supported  clear  of 
the  water  surface  by  steel  piles  (see  I'igure  l-I).  Indi- 
vidual 3x15  pontoon  sections  arrive  at  the  shore  site 
aboard  Nav>’  I.STs  and  I.SDs  or  aboard  commercial 
bargeships.  They  arc  unloaded,  linked  together  at  sea 
to  form  the  desired  causeway  configuration,  and  then 
beached.  Steel  piles  that  arc  inserted  through  spud- 
wells  in  each  pontoon  section  are  driven  into  the  sea- 
floor. After  the  end  and  side  connections  arc  dis- 
connected, individual  eauseway  sections  arc  elevated 
into  position  by  portable  hydraulic  jacks  atop  the 
piles.  The  end  and  side  connections  are  re-established, 
the  fender  system  is  installed,  and  the  elevated  eause- 
way is  ready  to  function  as  a cargo  unloading  pier. 

An  essential  subsystem  of  the  COTS  elevated 
causeway  is  the  fender  (see  Tigure  1-1).  I he  purpose 
of  the  fender  is  to  absttrb  the  kinetic  energy  of  the 
cargo  lighters  during  berthing  and  to  prevent  contact 
between  the  lighters  and  the  pier  support  piling.  After 
a preliminary  conceptual  design  study  it  was  decided 
that  the  fender  should  be  configured  to  capitalize  on 
standardized  Navy  NI.  pontoon  eijuipment  and  com- 
mercially available  off-the-shelf  hardware,  (ieneral 
performance  standards  to  be  met  included  . 

• .Must  absorb,  without  damage,  the  berthing 
kinetic  energy  of  the  largest  expected  class  of 
lighterage.  A fully  loaded  1610  Class  I.Cll 
impacting  at  a velocity  normal  to  the  fender  of 
2 knots  (1.0  m/sec)  was  assunx'd  for  this 
purpose. 

• Must  have  a pier  stand-off  distance*  that  would 
not  impose  reach  limitations  on  the  pier  cargo 
crane  — about  10  or  1 1 feet  (3.0  to  3.4  m). 

• Must  rise  and  fall  with  the  tide  so  that  the  fen- 
der berthing  surface  would  remain  at  or  near 
the  sea  surface. 


The  huci/timal  distance  normal  to  the  elevated 


• Must  function  in  sea  stale  3 
1 5 to  6-foot  (1 .5  to  1 .8-m) I waves  and  survive 
waves  up  to  10  feet  (3.0  m)  in  height. 

1.2.2  KKNOKR  DKSCRIPTION 

f igure  1-2  depicts  the  main  elements  of  the  ex- 
perimental fender  system.  Basically,  each  fender  unit 
is  comprised  of  a 1x15  NI.  pontoon  string  modified 
to  include  three  internal  spudwells.  The  6-inch 
(15.2-cm)  as.sembly  angles,  PI  series  pontoons,  end 
connections,  and  miscellaneous  pontoon  assembly 
hardware  are  all  standard  Navy  stock  items,  fhe 
fender  has  a total  weight  of  48,000  pounds 
(21,770  kg)  and  dimensions  of  90.0  feet  (27.4  m)  in 
length,  11.0  feet  (3.4  m)  in  breadth,  and  5.0  feet 
(1.5  m)  in  height. 

The  Cf'I.-rleveloped  spudwells  are  of  open  frame 
construction  with  outside  dimensions  matching  those 
of  a standard  PI  series  pontoon.  I hey  can  be  easily 
bolted  into  place  between  the  string  assembly  angles. 
The  spudwells  are  equipped  with  a chafing  ring  which 
serves  to  reduce  friction  between  the  piles  and  the 
fender  when  the  fender  is  subjected  to  wave-induced 
motion. 

A series  of  foam-filled,  commercial  ship  fenders 
are  strung  outboard  of  the  pontoon  string.  I'hese  ship 
fenders  — hereafter  referred  to  as  “foam-filled 
cushions”  or,  simply,  as  “cushions”  — have  a low- 
density,  elosed-ccll  elastic  foam  interior  and  are 
enclosed  with  a reinforced  elastomer  cover.  A steel 
core  runs  the  length  of  the  cushions  and  is  capped  by 
flanges  at  each  end.  I•■.yes,  attached  to  the  end  flanges, 
are  provided  for  rigging  the  cushions. 

Standard  marine  hardware,  e.g.,  swivels,  shackles, 
wire  straps,  and  turnhuekles,  are  used  to  rig  the  cush- 
ions to  the  1x15  pontoon  string.  In  I'igure  1-3,  note 
the  vertical  straps  at  either  end  of  a cushion.  These 
straps  insure  that  the  cushions  are  supported  at  the 
proper  elevation  for  even  flotation  of  the  fender  unit. 
They  also  provide  redundancy  so  that  a failure  any- 
where in  the  primary,  axial  rigging  will  not  result  in 
loss  of  the  entire  cushion  string. 


pier  from  the  pier  eiige  to  the  near  side  of  the  mooreil  lighter. 
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fmCEDUfi  PASS ' BLANK^NOT  PILMi^lQ 


l igurc  1-1.  COTS 


SiiKi-  there-  is  an  overlap  of  about  6 inches 
(15.2  cm)  between  the  elevated  causeway  and  the  in- 
board edge  of  the  fender,  the  possibility  of  contact 
exists  if  the  causeway  elevation  is  insufficient  and/or 
if  high  wave  action  is  present.  Any  impact  loads  are 
mitigated  by  the  cylindrical,  hard  rubber  “bumpers" 
that  are  installed  on  the  inboard  top  fender  assembly 
angle.  Three  bumpers  are  normally  used  per  fender 
unit,  one  at  each  end  and  one  in  the  middle, 

l.2,J  ASSKMBI-Y  AND  KKIOINC 

Ihe  first  step  in  the  assembly  process  is  to  bolt 
the  standard  IM  series  pontoons  to  the  assembly 
angles  (I- igurc  1-3).*  Two  end  cans  and  ten  standard 
cans  are  needed  for  each  fender.  The  three  remaining 
can  spaces  are  to  be  occupied  by  the  internal  spud- 
• 

Sec  "Pontoon  (Icar  Hamlliook,  Navy  l.ighicreil  (Nl.)  Ki|uipm 
for  details  on  pontoon  hardwaic  asscmlily. 


elevated  causeway. 


wells  that  bolt  to  the  assembly  angles  in  the  same 
manner  as  the  standard  PI  pontoons;  these  positions 
are  located  three  cans  in  from  each  end  of  the  string 
and  in  the  eenter.  The  spudwells  arc  positioned  such 
that  the  off-center  spud  opening  is  nearest  the  in- 
board (pier  side)  edge  of  the  1x15  string. 

It  should  be  noted  that  in  this  particular  applica- 
tion of  the  Nl.  pontoon  system,  it  is  not  necessary  to 
weld  the  AP7  plates  to  the  end  cans.  The  installation 
of  grates  between  cans  is  optional.  The  top  of  the 
fender  will  not  normally  be  subjected  to  foot  traffic; 
however,  tagline  handlers  have  used  the  fender  as  a 
walkway  during  perituls  of  calm  seas. 

Next,  the  vertical  strap  padeyes  are  welded  to  the 
top  and  bottom  assembly  angles.  The  1x15  string  can 
lie  rotated,  as  necessary,  to  facilitate  welding.  The 
two  end  padeyes,  which  serve  to  anchor  the 
turnbuckles,  are  then  welded  to  the  end  cans.  This 
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Figure  1-2.  Fender  system  detail  for  COTS  elevated  causeway. 
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phase  of  the  assembly  is  completed  when  the  vertical 
wire  rope  top  and  bottom  straps  are  shackled  to  the 
padeyes  on  the  assembly  angles. 

Cushion  rigging,  the  next  phase  of  assembly,  is 
simplified  if  the  1x15  string  is  first  rotated  so  that  the 
outboard  face  of  the  fender  is  upright.  The  cushions 
arc  then  hoisted  atop  the  string  by  forklift  and  placed 
at  the  appropriate  position.  Rigging  commences  as 
each  foam-filled  cushion  is  attached  to  the  vertical 
and  axial  wire  rope  straps.  Swivels  are  placed  at  each 
end  of  the  cushions  to  insure  free  rotation,  as  this 
distributes  cushion  wear  and  lessens  the  chance  for 
rigging  failure.  The  turnbucklcs  at  each  end  of  the 
axial  rigging  are  shackled  to  the  end  padeyes  and  are 
tightened  to  take  up  slack  in  the  string. 


Finally,  the  1x15  fender  unit  is  repositioned 
upright,  and  the  retaining  straps  for  the  impact 
bumpers  arc  welded  in  place  on  the  top,  inboard 
a,sscmbly  angle. 


i 
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SECTION  } 


I 

I KNDKK  TKSTS 


1.3.1  PlIASK  1 Tl-STS 

I he  dc\auii  |iicr  tor  the  I’hase  I tests  at  I'oint 
.\lut;u,  (.alifornia,  eonsisted  of  four  3x15  Nl.  eause- 
wa\  seeiions  eonneeted  end-to-end,  as  illustrated  in 
figure  1-4.*  One  1x15  Nl.  fender  unit  was  assembled, 
as  outlineil  eaiiier,  for  installation  alongside  the  sea- 
ward-most eause  w ay  seetion.  I he  fender  had  four 
foam-filled  eushions,  nominally  4 feet  (1.2  m)  in 
diameter  ami  7.4  feet  (2.3  m)  in  length,  rigged  to  the 
outboard  faee  of  the  1x15  pontoon  string  (figure 
1-4).  rhree  of  these  eushions  were  repaired  Oeean 
Systems  units  that  had  been  previousi)'  used  on  an 
Army  dredging  projeet,  and  one  was  a new  Seaward 
International  eushion. 

1. 3. 1.1  Installation 

After  assembly  at  I’ort  llueneme,  the  fender  was 
towed  approximately  4 miles  (6.4  km)  to  the  test  site 
(figure  1-5),  where  it  was  installeil  alongside  the  ele- 
vated eauseway.  four  peoonnel  were  required  for  the 
warping  tug  operation:  a pilot,  one  operator,  ami  two 
line  hamllers.  Wliile  the  warping  tug  was  preparing  for 
its  iniiial  approaeh,  the  shore  erew  positioned  a 
'l  l)  25li  traetor  for  use  as  a deadman  for  the  bow 
wire  of  the  tug.  1 he  pier  erew,  whieh  was  eomptised 
of  a erane  operator,  an  oiler,  and  two  riggers,  posi- 
tioned a 50-foot  (15.2-m)  tipped  pile  into  the  eenter 
external  spudwell  on  the  clevateil  pier  using  a 35-ton 
(31,800-kg)  mobile  erane.  I he  pile  was  held  aloft  to 
be  inserted  in  the  nmldle  spudwell  on  the  fender 
string,  as  shown  in  figure  1-5. 

A stern  anehor  was  set  from  the  warping  tug,  and 
a bow  line  was  earried  by  a I.AKC-V  to  be  seeured  to 
the  beaeh  traetor.  I he  tug  was  able  to  position  ami 
holil  Itself  parallel  to  the  elevated  eausew'ay.  Two  un- 
sueeessful  attempts  were  made  at  inserting  the  pile  in 
the  nmldle  spudwell  on  the  1x15;  a third  attempt  was 
sueeessful.  I he  shoreward-most  fender  pile  was  liftesl 
into  position  above  the  external  spuilwell.  Ineoming 
waves  helpeil  to  position  the  1x15.  Again  two  unsue- 
eessful  attempts  were  made  before  the  spudwell  was 


stabbed,  fhe  warping  tug  then  moveii  away.  I he 
third  spudwell  was  pinned  easily.  At  the  time  of  in- 
stallation, 2-to-4-loot  (().6-to-1.2-ni)  waves  were  ob- 
served at  the  eauseway  site. 

The  piles  20-ineh  (50.8-em)  Ol)  pipe,  50  feet 
(15.2  m)  in  length  with  a 3/8-ineh  (9.5-mm)  wall 
thiekness  were  driven  an  estimateil  5 feet  (1.5  m) 
with  a l)f -30  diesel  pile  hammer.  ,\t  least  five  people 
were  required  to  eonduet  this  operation.  It  was 
determined  that  this  depth  of  penetration  was  in- 
adequate; eonsequenth’,  the  piles  were  driven  an 
additional  5 feet  (1.5  m)  the  following  day.  Later,  the 
shoreward-most  pile  was  driven  an  additional  3 feet 
(0.9  m)  before  testing  began. 

After  the  fender  piles  were  driven,  the  external 
spudwelis  were  removed  so  that  impaet  measurement 
instrumentation  eould  be  installed.  Once  the  bolts 
were  removed,  the  line  from  the  35-ton  (31,800-kg) 
erane  was  hooked  to  the  padeyes  on  the  external 
spmKvells,  and  the  spudwelis  were  raised  with  no 
binding. 

from  start  to  finish,  the  fender  installation  re- 
quired 2 hours. 

1.3. 1.2  In-Place  Performance 

fhe  fender  system  remained  moored  .ilongsiile 
the  elevated  eauseway  for  12  ilays.  During  the  first 
da\',  the  urethane  eovering  on  the  flange  plate  of  one 
of  the  Oeean  Systems  eushions  began  to  we;ir  awa\  , 
and,  on  the  following  day,  the  foam  slid  off  the  pipe 
eore  (f  igure  1-6).  On  the  eighth  ilay,  the  eml  of  one 
of  the  repaired  Oeean  Systems  eushions  split  open** 
■fhe  exeessive  wearing  of  the  foam-filled  eushions  was 
attributed  to  the  faet  that  the  fender  system  was  ex- 
posed to  the  foree  of  the  breakers  in  the  surf  /one. 
Normally  the  fenilers  wtiuk!  be  installed  farther  from 
shore,  beyond  the  surf. 

High  waves,  whieh  oeeuired  at  times  during  the 
Phase  1 tests,  and  inadequate  vertieal  elearanee  eaused 
the  fender  system  to  eollule  with  the  underside  of  the 
elevated  eauseway.  The  greatest  impaet  between  the 
fender  and  the  elevated  pier  oeeurred  on  the  seaward 


Deuiletl  ileseriplion  of  the  causeway  elevation  and  poniiHiii  equipment  can  he 
found  in  Volumes  II,  III,  and  V. 

• • 

I hese  are  prototype  lenders  that  had  been  repaired  at  (11..  The  current  marketed 
product  has  tieen  retlesigned. 


/ 
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l ij;urc  14.  I'lcvatcd  causeway  system  for  Phase  I Note  the  four  cylindrical 
foam-filled  cushions  rigged  to  the  1x15  Nl,  pontoon  fender. 


end  of  the  1x15  fender  string,  4 to  6 inches  (10.2  to  problem  was  not  due  to  any  deficiency  in  the  pads 

15.2  cm)  behind  the  assembly  bolts.  On  the  but,  rather,  to  heat  build-up  during  welding  of  the 

• shoreward  end,  the  damage  was  in  the  area  of  the  last  chafing  rings  that  weakened  the  bond  between  the 

I three  pontoons  and  was  restricted  to  bolthead  wear  urethane  elastomer  and  the  steel  backing  plates. 

» on  the  assembly  angle.  The  rubber  impact  bumpers 

i on  the  seaward  end  of  the  fender  system  also  received  l.J.1.3  Removal 

I the  most  wear;  the  seaward-most  bumper  was 

t abraded,  and  its  restraining  bar  was  deformed,  which  l.ittle  difficulty  was  encountered  in  removing  the 

allowed  steel-to-steel  contact  between  the  1x15  and  fender  system.  The  same  crew  and  equipment  that 

[ the  elevated  causeway.  The  boltheads  on  the  were  used  for  installation  were  also  used  for  removal. 

! underside  of  the  causeway  deformed  the  retaining  The  removal  operation  was  essentially  a reversal  of 

bars  on  the  other  Seaward  bumper.  This  bumper  also  the  installation  procedure.  The  fender  piles  were 

shifted  out  of  position.  removed  in  the  following  sequence:  shoreward, 

4 The  chafing  rings,  which  served  to  prevent  middle,  and  seaward.  The  only  incident  of  note 

steel-to-steel  contact  between  the  fender  piling  and  during  the  fender  removal  occurred  when  the  last  pile 

the  edge  of  the  spudwell,  performed  well.  Several  of  was  freed  from  the  seafloor.  Several  large  waves 

the  urethane  pads,  however,  did  separate  from  the  (height  in  excess  of  S feet  (2.4  m)|  caught  the  fender 

steel  backing  plates.  It  was  concluded  that  this  string.  The  pile,  which  was  still  restrained  by  the 
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I'cndcr  unit  approaching  elevated  pier.  Note  50-foot  (I5.2-m)  piles 
ready  for  dropping  into  center  spudwell  of  fender  unit. 


'.1 


Figure  1-6,  Pipe  eore  pull-out  on  foam  cushion. 


jniernal  spudwell,  was  pulled  away  from  the  pier, 
taking  the  attached  crane  line  with  it.  The  force  in 
the  crane  line  was  of  sufficient  magnitude  to  raise  the 
support  pads  of  the  crane. 

1.3.2  PHASE  II  TESTS* 

I'he  objective  of  the  CX)TS  Pha.se  II  tests  at 
Coronado,  California,  was  to  construct  an  elevated 
causeway  of  sufficient  size  that  would  demonstrate 
the  operational  feasibility  of  the  concept.  Unlike  the 
four-section  pier  that  was  erected  at  Point  Mugu  by 
CEI.  support  personnel,  the  Coronado  pier  was 
assembled  by  forces  from  the  Amphibious  Construe- 
tion  Battalion-ONE,  assisted  by  CEI,  technical 
advisers. 

The  Coronado  elevated  causeway  (Figure  1-1) 
was  comprised  of  nine  3x1 5 NL  pontoon  causeway 
sections.  Four  sections  were  aligned  two  abreast  to 
form  a pierhead  at  the  seaward  end  of  the  causeway, 
rhe  fender  system,  consisting  of  two  1x15  strings 
instead  of  the  single  unit  used  during  the  Pha.se  I 
tests,  was  installed  alongside  the  south -facing  edge  of 
the  pierhead  (Figure  1-7). 

The  seaward-most  fender  was  the  unit  used  earlier 
In  the  Pha.se  I tests.  For  the  Coronado  tests,  the  three 


Ocean  Systems  cushions  were  discarded,  and  the 
fender  was  rc-rigged  with  six  Seaward  International 
cushions,  4 feet  (1.2  m)  in  diameter  with  a length  of 
7.4  feet  (2.3  ni).  Additional  modifications  made  to 
this  fender  included  stronger  top  impact  bumpers  and 
the  welding  of  cushion  reaction  struts  across  the  out- 
board face  of  the  fender  spudwclls. 

A second  1x15  NI.  pontoon  fender  was  assembled 
at  Port  lliieneme  for  use  in  the  Pha.se  II  tests.  This 
fender  differed  from  the  original  prototype  primarily 
in  the  selection  of  foam-filled  cushions.  Three  of  the 
cushions  were  new  Ocean  Systems  products  — 4 feet 
(1.2  m)  in  diameter  by  10  feet  (3.0m)  in 
length  — and  one  was  an  experimental  cushion  manu- 
factured by  Seaward  International  (Figure  1-8).  This 
new  Seaward  cushion,  measuring  4 feet  (1.2  m)  in 
diameter  w'ith  a 7-foot  (2.1 -m)  length,  differs  from 
the  standard  unit  in  that  the  rigid,  solid  core  has  been 
replaced  by  a wire  rope  net  which  envelops  the  ex- 
terior of  the  cushion.  The  intention  of  the  design  is  to 
allow  longitudinal  compression  and  extension  without 
risk  of  failing  a rigid  steel  core. 

Hard,  elastomer  spudwell  chafing  plates  were  not 
used  in  constructing  the  second  fender  due  to  late 
delivery  of  material  at  CEI..  Oak  2 x 8-inch  boards 
were  substituted  for  the  elastomer  plates  and  were 
also  used  to  replace  damaged  and  missing  elastomer 
on  the  spudwell  chafing  rings  of  the  original  fender. 

After  assembly  and  rigging,  the  two  fender  sec- 
tions were  launched  at  Port  lluencme,  and,  along 
with  the  four  causeway  pierhead  sections,  were 
loaded  aboard  a Navy  I.SD  for  transport  to  the 
Amphibious  Base  at  Coronado. 

1.3. 2.1  Installation 

The  two  fender  units  were  end-connected  at  the 
Amphibious  Base  to  form  a fender  system  having  a 
total  berthing  length  of  180  feet  (54.9  m).  Standard 
NI.  pontoon  end  connectors  were  used.  On  24 
November  1975,  the  fender  assembly  was  moored 
alongside  a PIlIBC.B-ONE  warping  tug  for  the  trip 
from  San  Diego  Bay  to  the  elevated  causeway  site  on 
Silver  Strand  Beach.  No  serious  handling  problems 
were  encountered,  although  the  tug  crew  did  com- 
ment on  the  lack  of  mooring  bitts  on  the  fender. 
Synthetic  lines  from  the  tug  were  secured  to  the  fen- 
der a,sscmbly  angles. 


CFT,  .Movie  F'A/L1>M  604,  16  mm,  sound,  color,  8 minutes,  "C.OTS  Fdevated  Causeway  System  — F’ender 
System,”  Coronado,  California,  Nov.  1975. 
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l-'igure  1-7.  Two-scctioii  fender  installed  alongside  pierhead. 


l-igure  1-8.  l-xperimental  Seaward  International 
eushion  with  exterior  wire  rope  net 


Prior  to  the  tug  making  its  final  approach  at  the 
elevated  causeway  site,  a pier  deck  crew  had  inserted 
one  of  the  tipped  fender  piles  into  the  middle,  ex- 
ternal spudwell  on  the  south-facing,  shoreward -most 
pierhead  causeway  section  (f  igure  1-9).  flietr  instruc- 
tions were  to  drop  the  first  pile  when  the  fender 
system  was  properly  aligned  alongside  the  elevated 
causeway.  Pile  guides,  i.c.,  steel  sleeves,  that  fit  inside 
the  spudwell  and  are  bolted  to  the  spud  well's  padeyes 
were  used  on  five  of  the  six  fender  piles  (l  igure 
110). 


The  tug  approached  the  pier  at  1 350,  Pacific 
Standaril  lime  (figure  111)  At  the  time  winds  were 
westerly  at  8 to  9 knots  (4.1  to  4.6  m/sec),  ami  a 
3-to-f  -loot  (0.9-to-l  .2-m ) swell  was  present  as  was  a 
north-to-south,  l -to-2-knot  (0.5-to-l  .0-m/scc)  along 
shore  current.  I'niike  the  installation  at  Poim  .Mugu, 
the  tug  dill  not  depend  on  either  a pre-set  stern 
anchor  or  a bow  line  dead-ended  at  the  beach  for 
final  positioning  of  the  fender  s\  stem,  fhe  first  three- 
approaches  were  unsuccessful  and  can  be  attributed 
to  caution  b\  the  tug  pilot  and  the  persistent  along- 
shore current  which  tended  to  force  the  tug  and 
fender  away  from  the  elevated  pier.  On  the  fourth 
approach,  lines  were  passed  be  the  crew  atop  the  pier 
to  line  handlers  on  the  tug  who  secured  the  lines  to 
the  fore  ami  aft  ends  of  the  lender,  fhe  tug  con- 
tinued to  move  the  tender  closer  to  the  elevated  pier, 
and,  when  the  middle  spudwell  on  the 
shoreward-most  fender  section  was  iR-neath  the  raised 
pile,  a signal  was  given  to  drop  the  pile  With  one  pile 
in  place,  the  two-unit  fender  asscmblv  was  casv  to 
maneuver  for  the  placement  of  the  second  pile,  which 
was  drop|H-d  into  the  middle  spudwell  on  the  seaward 
fender  At  this  point  the  tug  cast  off  and  returned  to 
port,  fhe  tour  remaining  piles  were  then  placed,  and 
operations  for  the  dav  were  terminated  fhe  pile 
lengths  were  5 5 feet  (16.8  m)  for  the  tour  closest  to 
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shore  arul  60  feet  (18.3  m)  for  the  two  most  seaward 
ones.  It  had  taken  appro.xiinately  2 hours  from  the 
time  that  the  tuy  had  made  its  final  approaeh  to  the 
elevated  pier  until  the  last  of  the  six  fender  piles  had 
been  dropped  into  plaee. 

Pile  driving  eommeneed  on  the  morning  of 
November  25  and  proeeeded  without  ineident.  Prior 
to  driving  the  piling,  it  was  noted  that  no  diseernihle 
movement  of  the  undriven  piles  had  oeeurred  from 
wave  aetion  or  eurrents.  l igure  1-12  summarizes 
pertinent  data  relating  to  the  pile  plaeement 
seijuenee,  time  of  insertion,  use  of  pile  guides,  and 
depth  of  pile  embedment. 

I he  external  spudwells  on  the  seaward-most 
pierhead  eauseway  seetion  were  removed  to  allow  in- 
stallation of  load  arms  and  load  eclis  that  were 
needed  to  measure  berthing  impaet  loads.  These 
impaet  me.isurements  are  discussed  later  in  the 
report.  The  three  external  spudwells  on  the 
shoreward-most  pier  seetion  were  retained,  (iussets 
were  welded  to  the  piles  and  spudwells  so  that  the 
fender  piles  could  support  a portion  of  the  pierhead 
irane  load. 

1.3. 2. 2 In-Plaec  Performance 

The  fender  was  successfully  demonstrated  during 
the  elevated  eauseway  tests  at  Coronado.  Berthing  im- 
pacts for  the  three  classes  of  lighterage  (l.('.M-8,  I.CU, 
and  eauseway  ferry)  were  light  throughout  the  tests, 
well  within  the  energv’  absorption  capacity  of  the 
fender.  The  light  berthing  impaet  was  due  to  a eom- 
hination  of  factors:  lighter  crew  skill  and  caution 
when  approaching  the  “experimental”  pier,  an  along- 
shore current  that  tended  to  keep  craft  away  from 
the  fender  during  and  after  berthing,  and  mild  sea 
conditions  throughout  the  week  of  5 December  when 
unloading  operations  were  conducted. 

No  single  cushion  was  ever  observed  to  he  com- 
pressed to  its  design  limit  (50%  compression)  during 
any  of  the  container  lighter  berthings.  A typical 
iK-rthing  could  he  described  as  follows:  the  lighter 
approaches  the  pier  on  a course  roughly  parallel  to 
the  fender,  forward  speed  is  reduced,  and  the  dis- 
tance at  right  angles  to  fender  and  side  of  the  lighter 
is  reduced  at  a rate  of  about  1 fps  (0.3  m/sec),  or  less. 
B<»w  and  stern  lines  are  passed  from  the  lighter  to  the 
elevated  pier  line-handling  crew  and  are  wrapped 


Figure  1-9.  Deck  crew  prepared  to  drop  first 
fender  pile. 


Figure  1-10.  Installing  pile  gtiide  in  external 
spudwell. 


I•■lgurc■  1-1  I . Pill  Bt'B-()NK  warping  tug  with  fender  in  tow  approaches  elevated 
causeway  24  November  1975. 


around  bitts  on  the  pierhead  just  prior  to  lighter 
eontaet  with  the  fender.  After  the  lighter  impacts 
with  the  fender,  the  lines  are  taken  up  further  and 
secured  to  the  bitts.  While  moored  to  the  pier,  the 
lighters  would  tend  to  ride  away  slightly  from  the 
fender  due  to  the  south-flowing  current. 

A principal  concern  prior  to  both  the  Pha.se  I and 
C.oronado  tests  was  the  possibility  of  fender  warpage 
on  the  restraint  piles.  If  this  had  occurred,  the  wave- 
induced  hydrostatic  and  hydrodynamic  forces  could 
have  easily  caused  damage  to  the  piles,  damage  to  the 
fender  system,  or  might  have  led  to  freeing  the  piles 
from  the  seafloor.  During  both  tests,  however,  the 
fender  rode  freely  on  the  restraint  piles,  even  during 
peritKls  of  high  waves.  It  can  be  concluded,  therefore, 
that  the  existing  spudwell  and  chafing  ring  design  is 
adequate  to  prevent  warpage. 


As  mentioned  earlier,  two  types  of  abrasion- 
resistant  material  were  used  to  face  the  spudwell 
chafing  rings.  One  was  a hard  elastomer,  manu- 
factured by  Johnson  Rubber  (iompanv,  that  had  been 
used  successfully  during  the  Pha.se  I tests,  and  the 
other  material  was  oak  planking.  The  elastomer 
proved  to  have  far  superior  wearing  properties  than 
the  wood.  Within  a week  after  installation  of  the 
fender,  the  wood  chafing  blocks  were  well  worn,  as 
evidenced  by  f igure  1-13.  By  this  time  some  of  the 
recessed  carriage  bolts,  which  were  used  to  secure  the 
oak  to  the  steel  backing  plates,  were  in  direct  contact 
with  the  piles.  As  wearing  continued,  the  exposed 
bolts  were  eroded  away,  and  the  piles  were  subjected 
to  scoring,  which,  however,  did  not  seriously  damage 
the  piles,  figure  1-14,  which  shows  one  of  the  spud- 
wells  on  the  shorewanl-most  fetuler  section,  shows 
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I'igurc  1-1 2.  Summary  of  pertinent  fender  pile  data. 


the  extent  of  wear  after  completion  of  the  Coronado 
tests.  Note  that  the  oak  block  used  to  replace  an 
elastomer  block  lost  during  the  Phase  I tests  has  been 
almost  completely  eroded  away  due  to  contact  with 
the  pile.  The  elastomer  blocks  show  relatively  little 
wear,  although  one  block  is  missing  due  to  failure  of 
the  bond  Iretween  the  elastomer  and  the  steel  backing 
plate. 

Both  the  Seaward  International  and  Ocean  Sys- 
tems foam-filled  cushions  performed  satisfactorily. 
Core  pull-out  of  the  Ocean  Systems  cushions,  which 
had  occurred  during  the  Phase  I tests,  was  not 
repeated  at  Coronado.  This  was  due  to  improvements 
in  the  cushion  design  and  the  absence  of  breaking 
waves  that  were  encountered  during  the  Phase  I tests. 

Shortly  after  installation  of  the  fender  system,  a 
4-to-5-inch  (10.2-to-12.7<m)  long  crack  was  noticed 
in  the  elastomer  skin  of  one  of  the  Seaward  cushions 


I 


I 


(Figure  1-15).  At  the  time  of  fender  retrieval,  the 
crack  had  propagated  to  a length  of  9 inches  (22.9 
cm).  It  could  not  be  determined  when  the  initial  fail- 
ure had  occurred,  i.e.,  during  cushion  shipment  to 
CKl,,  fender  assembly,  transport  of  the  fender  to 
Cxrronado,  or  installation  of  the  fender  at  the  elevated 
pier.  The  crack,  however,  can  be  easily  repaired. 

After  the  1 xl  5 fender  sections  were  returned  to 
CF.L  by  Navy  LSD,  two  of  the  10-foot  (3.0-m)  long 
Ocean  Systems  cushions  were  also  observed  to  have 
failures  in  the  elastomer  skin.  This  damage  was 
thought  to  have  taken  place  when  the  fenders  were 
unloaded  from  the  LSD  at  Port  llueneme,  California. 

Only  minor  problems  were  encountered  with  the 
cushion  rigging.  One  of  the  vertical  strap  end  links 
failed  due  to  a poor  weld  lietween  the  end  link  and 
the  6-inch  (15.2-cm)  a.s.sembly  angle.  The  redundancy 
of  the  rigging,  however,  prevented  the  loss  of  any 
portion  of  the  cushion  string. 


1/ 
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I'igurf  1-1  3.  Wearing  of  oak  chafing  blocks  after  1 week  of  service. 


The  cxpcrimenlal  Seaward  cushion  was  outfitted  the  bow.  I'he  craft  would  continue  to  surge  forward 

with  an  c.xtcrior  wire  rope  net  that  was  held  together  and  would  hit  the  nc.xt  cushion;  this  could  cither  fail  , 

at  each  end  of  the  cushion  by  a shackle.  These  shackles  the  axial  rigging  or  cause  separation  of  the  cushion's  ] 

were  in  turn  connected  to  the  cushion  axial  rigging,  outer  skin  from  the  foam  interior. 

Alter  a while,  wave-induced  loads  tended  to  stretch  During  one  of  the  lierthings,  an  l,(!U  first 

the  wire  net,  which  resulted  in  increasing  the  slack  in  impacted  the  Seaward  International  “experimental"  ( 

the  rigging.  With  only  one  cushion  of  that  type  ot  cushion  (on  the  shoreward-most  1x15  string),  moved 

construction  in  the  string,  the  slack  was  not  too  shoreward  into  the  gap  between  cushions,  and  then 

objectionable,  T xcessive  slackening  of  the  rigging  is  to  longitudinally  compressed  the  next  cushion  m the 

be  avoided,  however,  .is  this  will  lead  to  excessive  string,  which  happened  to  be  one  of  the  Ocean 

wearing  of  the  rigging  components.  Systems  units.  As  can  be  seen  in  Tigure  I -16.  the  skin 

Perhaps  the  greatest  weakness  in  the  design  of  the  at  one  end  of  this  cushion  is  abraded  and  scverelv 

fender  is  the  inability  of  the  cushion  string  to  take  scuffed,  but  the  cushion  was  otherwise  undamaged 

si/.eable  longitudinal  loads.  Such  loading  could  and  continued  to  function  normally.  This  problem 

happen,  for  instance,  if  a lighter  approached  the  can  be  minimized  in  the  future  by  reducing  the  gap 

fender  with  a significant  forward  velocity  component  between  adjacent  cushions, 
and  struck  the  1x15  fender  In-tween  cushions  with 


I'lgurc  114.  (^omlition  of  diafinj;  matirial  after  lomplcnon 
of  I’hasi-  1 1 tests 


1.3. 2. 3 Kemoval  anil  the  pier  external  spuilwells  aloiij>  the  shorewaril- 

most,  south-faeing  pier  seetlon.  I'hen.  the  pile  guides 
rhe  fender  system  was  the  first  picec  of  were  removed.  Next,  four  of  the  fender  piles  were 

equipment  to  he  removed  upon  eompletion  of  the  removed  using  the  35-ton  (31,800-kg)  erane  atop  the 

elevated  pier  tests.  The  first  step  was  to  eut  the  gusset  eausi-way.  The  two  remaining  piles  which  were 

plates  that  had  been  welded  between  the  fender  piles  located  in  the  center  spuilwells  of  each  fender 


1 

1 

i 

1 

yurt  1 -1  5 

.itk  in  tlustomcr  skin  of  Staward  International  tushion. 

section,  stayed  in  place  until  a PI1IB('.B-()NK  warping 
tug  came  alongside  and  tied  on  to  the  fender.  The 
seaward  pile  was  then  pulled  and,  finally,  the  shore- 
ward pile.  The  warping  tug  moved  the  fender  system 
away  from  the  elevated  pier  and  returned  with  the 
fender  in  tow  to  the  Amphibious  Base  at  Coronado. 

No  difficulty  was  encountered  in  retrieving  the 
fender.  1 he  piles  were  easily  removed,  and  the  tug 
and  causeway  line-handling  crews  were  in  control 
throughout.  Sea  conditions  were  mild,  however,  and 
undoutedly  were  a major  contributing  factor  to  the 
ease  with  which  the  operation  was  conducted. 


I .3.J  IMPACT  TFSTS 

Fender  impact  measurements  were  made  during 
both  Phase  I and  Phase  II.  The  objective  of  the  im- 
pact tests  was  to  obtain  data  that  could  be  used  to 
evaluate  the  expected  fender  pile  reaction  loads  at  the 
elevated  pierhead  and  to  assess  the  energy-absorbing 
properties  of  the  fender  systems. 

This  objective  was  accomplished  as  follows;  load 
cell  supports,  called  load  arms,  were  welded  to  the 
pierhead  assembly  angles,  as  illustrated  in  Figure 
1-17.  rhe  load  arms  arc  essentially  simple  closed  box 
girders  that  arc  sized  to  resist  the  anticipated  loads 
and  moments  imposed  by  berthing  lighters.  Each  of 
the  three  instrumented  fender  piles  was  bracketed  by 
three  Uiad  arms  with  the  attached  load  cells  bearing 
directly  on  the  pile.  With  the  arrangement  depicted  in 
Figures  1-17  and  1-18,  it  was  possible  to  measure  pile 
reactions  both  normal  and  parallel  to  the  pier. 

At  each  pile  location,  a linear  displacement  poten- 
tiometer was  mounted  to  the  side  of  the  fixed  pier. 
The  end  of  the  spring-loaded  potentiometer  cord  was 
equipped  with  a permanent  magnet  which  was 
lowered  until  it  made  contact  with  the  top  of  the 
fender.  Thus,  vertical  displacement  of  the  fender 
(referenced  to  the  pier)  due  to  tidal  and  wave  action 
could  be  recorded  continuously.  Ihe  velocity  of  the 
test  craft  normal  to  the  fender  just  prior  to  impact 
was  measured  by  a (IMI,  Inc.  model  JF  100  “Speed 
(iun.”  All  test  data  were  recorded  on  magnetic  tape 
for  future  reduction  and  analysis.  A schematic  of  the 
test  setup  is  shown  in  Figure  1-19. 

Each  of  the  fender  piles  was  calibrated  prior  to 
recording  impact  data.  The  purpose  of  this  calibration 


was  to  determine  the  point  of  pile  fixation  in  the 
seafloor.  If  both  the  fixation  point  and  the  position 
of  the  fender  at  the  time  of  impact  arc  known,  it  is 
possible  to  estimate  the  force  in  the  piling  at  a station 
adjacent  to  the  floating  fender.  The  calibration  pro- 
cedure consisted  of  attaching  a wire  rope  sling  about 
each  pile  at  deck  level  and  pulling  on  the  pile  with  a 
known  force.  Pulls  were  made  in  a horiz.ontal  plane 
with  the  line  of  action  parallel  to  the  edge  of  the 
elevated  pier.  A load  cell  and  a line  potentiometer 
were  used  to  measure  calibration  force  and  pile  de- 
flection, respectively.  The  effective  length  of  the  pile 
(the  length  from  the  point  where  the  calibration  force 
is  applied  to  the  point  of  pile  fixity)  was  computed 
from  the  following  formula  for  the  end  deflection  of 
a cantilever  beam  with  a concentrated  load  at  the  free 
end: 


where  6 is  the  end  deflection  (measured  by  the  poten- 
tiometer in  the  pile  calibration  test),  R is  the  calibra- 
tion force,  E is  the  modulus  of  elasticitv',  and  I is  the 
moment  of  inertia  of  the  20-inch  (50.8-em)  diameter, 
3/8-inch  (0.95 -cm)  thick  steel  piling.  Results  of  the 
pile  calibration  for  the  Phase  II  tests  arc  given  in 
Figure  1-20. 

CEI.’s  268-ton  (242,800-kg)  warping  tug  was  used 
to  impact  the  fender  during  the  Phase  I tests.  At  the 
time  of  the  tests,  the  single  section  1x15  fender  was 
in  the  surf  ?.one.  Consequently,  the  tug  pilot 
approached  the  fender  cautiously,  relying  largely  on 
anchored  stern  line  for  control.  About  10  impacts 
against  the  fender  were  made.  This  test  series  proved 
that  the  experimental  setup  would  work;  however, 
iK-cause  of  the  unrealistic  test  conditions,  these  data 
arc  not  discussed  here. 

The  more  important  test  series  was  conducted 
during  the  Phase  II  elevated  causeway  tests  at 
Coronado,  California.  The  ilata  from  these  tests  have 
been  grouped  according  to  the  type  of  craft  used  to 
impact  the  fender.  The  ECU  data  (sec  Table  1-1)  were 
obtained  when  the  lighter  came  alongside  the  pier- 
head to  discharge  or  receive  empty  and  loaded  con- 
tainers. For  some  of  his  approaches,  the  pilot  was 
asked  to  deliberately  hit  the  fender  with  more  force 
than  was  necessary  to  make  a normal  berthing  under 
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causcwiiy  assembly  angle 


l igurc  1-17.  I.oad  arm  arrangement  of  eaeli  instrumented  pile.  Load 

cells  are  positioned  to  bear  directly  on  pile  prior  to  impact 
tests. 
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till-  prcv.iilmj;  itn ironnii-mal  cnnilituiiu.  Nont-  ot  ilu- 
ri'i (irilfil  pilf  rfiunons,  Iidwcvct,  I'.xiccili'il  a maj>- 
nituiii-  ol  6.<)0()  puuiuls  (30,700  N).  whicli  rcflcits 
pnniarih  tlu-  laution  nt  the  I, Cl'  pilot. 

rhe  pile  reaetion  forees  measiireil  while  the  I.Cl', 
l.(  M 8,  aiul  eauseway  ferry  were  hertheil  alonpsuie 
the  pier  were  nil.  Ihis  was  itue  to  the  ealm  seas 
leaves  1.5  feet  (0.4f>  m)  high  or  less|  anil  an  along- 
shore eurrent  whieh  tenileil  to  hoKi  the  niooreil  eraft 
away  from  the  femler. 

On  the  morning  of  4 Deeemher  1975,  arrange- 
ments were  maile  to  have  a 112-ton  ( 1 01 ,600-kg) 
warping  tug  from  I’l  II  IlCH-ONI-  make  a series  of 
how-on  approaehes  to  the  feniler.  I he  first  approaeh 
was  maile  at  5 knots  (2.6  m/see).*  ami  the  tug  hit  the 
seawanl-most  foam  eushion  on  fender  unit  one.  fhe 
result  was  a jarring  impaet  whieh  was  estimated  to 


ha\e  momentarilv  displaced  the  pierhead  4 to  6 
mehes  (10.2  to  15.2  em).  The  kinetie  energy  to  he 
ahsorhed,**  248, 000  Ih-ft  (336.000  \ m)  hy  far  ex- 
ceeded the  maximum  rated  capacity  of  the  Seaward 
International  foam  cushion  139,000  Ih-ft  (52,800 
N m)  at  50%  compression  | . .Much  of  the  energy  at 
impaet,  however,  was  ahs  hed  hy  other  elements  of 
the  fender  system  e g.,  the  floating  1x15  \l.  pontoon 
string,  the  fender  piling,  and  the  pierhead 

Some  damage  was  sustained  h\  the  fender  due  to 
the  first  impaet.  Ihe  seaward-most  pile  was  hent 
inward  at  the  point  of  eontaet  with  the  fender 
(figure  1-21)  fhis  forced  the  pile  away  from  the 
loail  cells  atop  the  pierhead  so  that  no  further  force 
readings  on  Pile  A were  possible.  I he  outhoard  top 
assembly  angle  on  the  1x15  string  was  hent  as  were 
several  of  the  framing  members  in  the  fender 


Verififil  hy  the  hand-held  "speed  gun."  However,  some  error  in  this  figure  is  to  he  expected 
No  allowanee  was  made  for  aiitled-mass  effects  in  computing  the  impaet  kinetie  energy'.  The 
added-mass  for  the  shallow-draft  tug  impacting  against  the  pile-supported  pier  would  he  small 


I igurc  1-19  Schematic  drawing  of  pile  instrumentation  setup. 
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l igure  1-2(1.  Results  of  pile  calibration  test  — Coronado,  California. 


spudwell  surrounding  the  failed  piling. 

rile  tug  pilot  was  then  instructed  to  hit  the  in- 
strumented fender  at  approximately  the  center  pile 
position.  He  was  also  cautioned  to  reduce  his  .speed  of 
approach.  Again,  the  tug  compressed  a single  cushion, 
the  fourth  cushion  from  the  seaward  end.  The  speed 
at  impact  was  about  2.5  knots  (1.3  m/see),  and  the 
efteets  atop  the  pierheail  were  far  less  intense  than 
those  noted  during  the  initial  test  impact.  A visual 
cheek  after  the  tug  had  baeked-off  did  not  disclose 
any  further  damage  to  the  fender. 

On  the  third  and  final  approach,  the  tug  was 
clocked  at  a speed  of  5 knots  (2.6  m/see),  the  same 
impact  speed  observeil  in  the  first  test.  I'his  impact 
resulted  in  damage  to  I’lle  B.  It  was  decided  to  ter- 


minate further  testing  of  the  fender,  since  several  load 
cells  were  no  longer  making  contact  with  the  failed  A 
and  B piles.  A summary  of  the  warping  tug  impact 
data  appears  in  Table  1-2.  Note  that  in  each  of  the 
three  tests  the  estimated  maximum  bending  moment 
in  one  or  more  of  the  fender  piles  exceeds  the  cal- 
culated yield  moment  of  333,900  Ib-ft  (452,400 
Nm). 

Damage  to  the  fender  system  was  confined  to  pile 
failure,  a bent  6-ineh  (15.2-cm)  Nl.  pontoon  top 
assembly  angle,  and  several  buckled  flanges  on  struc- 
tural members  in  the  seaward-most  spudssell. 
However,  the  fender  was  still  functional  after  comple- 
tion of  the  impact  tests. 
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SKCTION  4 


KVAUJATION  OF  TEST  RESULTS 


1.4.1  ENERGY  ABSORPTION 

A standard  measure  of  fender  system  effective- 
ness is  the  capal>ility  to  absorb  the  kinetic  energy  of 
berthing  vessels: 

KE  = -j  mV^ 


where  m is  the  mass  of  the  vessel,  and  V Is  the  normal 
velocity  at  initial  contact  with  the  fender.  The 
added-mass  of  the  accelerated  water  will  be  ignored 
for  the  shallow-draft  COTS  lighterage  berthing  against 
the  open,  pile-supported  pier.  Therefore,  the  kinetic 
energy  of  the  PIUBCB-ONE  warping  tug  is  estimated 
to  have  been  62,000  Ib-ft  (84,000  N m)  for  the 
2.5-knot  (1.3-m/sec)  impact  and  248,0(X)  Ib-ft 
(336,000  N-m)  for  the  two  impacts  at  5.0  knots  (2.6 
m/sec).  Since  the  tug  approached  bow-on  to  the 
fender  and  its  forward  motion  was  fully  arrested,  all 
of  this  kinetic  energy  must  have  been  absorbed  by  the 
fender  and  pierhead.  Although  the  warping  rug  was 
observed  to  contact  a single  7.4-foot  (2.3-m)  foam 
cushion  on  each  of  the  trial  impacts,  in  a normal 
berthing  situation,  with  the  craft  approximately 
abreast  of  the  fender  at  berthing,  the  COTS  lighters 
can  be  expected  to  contact  at  least  two  cushions. 

The  rated  energy  absorption  of  a single  Seaward  , 
International  4.0-foot  (1.2-m)  by  7.4-foot  (2.3-m) 
cushion  is  39,(X)0  Ib-ft  (52,8(M)  N m)  at  50%  com- 
pression. These  cushions  can  sustain  occasional 
impacts  to  70%  compression  with  a resulting  energy 
absorption  capacity  ot  approximately  2.9  times  that 
at  50%  compression,  i.e.,  about  114,000  Ib-ft 
(154,000  N-m).  Thus,  for  two  cushions,  the  energy 
absorption  capacity  is  78,0(K)  Ib-ft  (10,600  N m)  and 
228,000  Ib-ft  (309,0(K)  N-m),  respectively  at  50%  and 
70%  compression. 

The  estimated  warping  tug  impact  energies  en- 
countered during  the  Coronado  tests,  the  rated 
energy  absorption  of  the  foam  cushions,  and  the 
computed  impact  energies  for  two  classes  of  COTS 


lighterage  are  summarized  in  Figures  1-22  and  1-23. 
The  displacements  for  the  two  COTS  lighters,  an 
I.CM-8  and  a 1610  Class  I.CU,  are  presented  in  Table 
1-3. 


Table  1-3.  Displacements  for  Lighters  Used  in 

Berthing  Energy  Absorption  Summary 


Condition 

Displacement 
(long  tuns,  kg) 
for  — 

I.CM-8 

ECU 

Light  ship 

51.3  (52,100) 

185  (188.000) 

Tour  MI  I. VANs  aboard 

265  (269, 2(H)) 

Full  load 

103  (104,600) 

342  (347,500) 

In  Figure  1-22,  kinetic  energy  at  impact  as  a 
function  of  speed  normal  to  the  fender  is  plotted. 
Horizontal  broken  lines  that  represent  the  design 
energy  absorption  of  the  foam  cushions  and  the 
measured  berthing  impact  energies  at  Coronado  also 
appear  on  the  graph.*  Each  of  the  five  lighterage 
cases  is  represented  by  a curve  which  is  a plot  of  the 
berthing  impact  energy,  (1/2)  mV^. 

In  Figure  1-23,  the  abscissa  has  been  changed 
from  impact  speed  in  knots  (m/sec)  to  lighterage  dis- 
placement in  long  tons  (kg).  This  plot  can  be  used  to 
estimate  the  impact  energy  for  any  class  of  lighterage 
provided  the  displacement  and  speed  normal  to  the 
fender  arc  known. 

It  is  evident  from  Figure  1 -22  that  the  kinetic- 
energy  to  be  absorbed  when  the  heaviest  lighter  (ECU 
with  full  load)  impacts  the  fender  can  be  easily 
accommodated  for  speeds  of  up  to  2 fps  (0.61  m/sec). 
This  kinetic  energy  level  (47,600  lb  ft  (64,500  N-m)l 
is  within  the  design  specifications  of  the  fender 
cushions  and  is  less  than  the  input  cnerg)'  observed 
during  the  second  of  the  warping  tug  impacts  at 
Coronado  in  which  no  damage  was  observed  to  occur. 


The  foam  cushions,  of  course,  absorb  only  a portion  of  the  total  berthing  energy. 
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It  would  take  a normal  impact  velocity  of  2.75  knots 
(1.42  m/scc)  for  the  fully  loaded  I.CU  to  produce  an 
impact  comparable  to  that  produced  by  the  warping 
tug  at  5 knots  (2.6  m/scc). 

In  summar>'.  the  fender  system  employed  at 
Coronado  can  easily  absorb  the  berthing  energy 
induced  by  the  heaviest  class  of  lighterage  at  normal 
velocities  of  up  to  2 fps  (0.61  m/scc)  and  even  greater 
speeds  for  craft  with  lighter  displacement.  Although 
fender  damage  can  l>e  expected  at  higher  lierthing 
speeds,  the  fender  can  tolerate  considerably  heavier 
impact  and  still  function.  The  damage  threshold  has 
not  been  precisely  determined,  but  based  upon  the 
measured  pile  reaction  loads  at  Coronado,  the  critical 
impact  energy  is  probably  not  much  less  than  the 
248,000  Ib-ft  (336,000  N m)  observed  for  the  first 
and  third  warping  tug  tests. 

As  is  true  of  any  fender  system,  damage  or  even 
complete  destruction  is  possible  if  the  berthing  im- 
pact energy  is  great  enough.  The  elevated  causeway 
fender,  especially  with  the  design  improvements  to  l>e 
discussed  later,  is  considered  adequate  to  handle 
normal  berthing  loads  of  COTS  lighterage. 

1.4.2  DKSIGN  IMPROVEMENTS 

In  general,  the  fender  configured  for  the  Phase  1 
and  Phase  II  tests  performed  well.  The  tests  did  in- 
dicate that  the  performance  of  the  system  could  be 
improved  if  mooring  bitts  or  chain  plates  were  in- 
cluded to  aid  line  handlers  during  installation  and 
removal  of  the  fender. 

Since  the  outboard  6-inch  (15.2-cm)  top  assembly 
angle  was  damaged  during  the  impact  tests  at 
Coronado,  it  is  recommended  that  future  elevated 
causeway  fender  units  be  assembled  with  the  8-inch 
(20.3-cm)  assembly  angles.  This  will  result  in  a sub- 
stantial increase  in  moment  resistance. 

In  all  future  fender  installations,  piles  having  a 
minimum  wall  thickness  of  1/2  inch  (1.27  cm)  should 
l>c  used. 

Eigurcs  1-24  and  1-25  are  assembly  drawings  that 
include  the  aforementioned  improvements  as  well  as 
additional  minor  changes,  such  as  stronger  vertical 
strap  padeyes  fur  rigging  the  foam  cushions.  Two  rig- 
ging configurations  are  depicted:  one  with  six  4 x 
7.4-foot  (1.2  X 2.3-m)  Seaward  International  foam 
cushions,  and  the  other  having  three  4 x 10-fuot  (1.2 


X 3-m)  and  two  4 x 8-foot  (1.2  x 2.4-m)  Ocean  Sys- 
tems cushions.  I•igurc  1-26  details  the  internal  spud- 
wells,  three  of  which  are  needed  for  each  1x15  fender 
string. 

1.4.3  COSTS 

The  cost  of  a single  1x15  fender  string  is  summar- 
ized in  Table  1-4.  The  estimate  includes  the  labor  cost 
to  assemble  the  1x15  Nl.  pontoon  string  and  to  rig 
the  foam  cushions,  but  it  does  not  include  the  cost  of 
post-assembly  handling  and  installation. 


Table  1-4.  Cost  Estimate  fora  1x15  Kender  String 


(lompuncnt 

t:<wt  ($)* 

MatiTiai 

NL  l\>ntoon  v^uipment.  e.g.. 
ponti^ons.  assembly  angles,  etc. 

20.(MM) 

I'oani  cushions  (6) 

25,21H) 

Internal  spuJwx-lis  with  chafing 
ring  (3) 

I 5.9<K) 

Kiggmg  hardware 

1,S(K) 

Miscellaneous  hardware,  e.g., 
padeyes,  ni(H>ring  bitts,  etc 

2,5tK) 

Lxternal  spudwelK.  bolted  to 
pierhead  ( 3) 

Piles,  6U  ft  lung,  1/2  in.  wall 
thickness  < 3) 

7.2(X) 

Subtotal 

80,700 

l.abor 

Pontoon  assembly 

1 .(KX) 

Cushion  rigging 

1,000 

Miscellaneous  welding 

500 

Subtotal 

2,500 

Total 

83,200 

“Costs  liiscd  on  1976  (igurrs. 
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Figure  1-24.  Assembly  drawing  for  1x15  fender  system 


Figure  1-25.  1x15  fender  system  - rigging  detail 


l igurc  1-26.  Assembly  drawing  for  fender  spudwell. 


1.4.4  WAVK-INDUCKI)  MOTION 


The  calm  sea  conditions  existing  at  the  time  of 
the  fender  installation  at  Coronado  did  not  induce 
significant  motion  to  cither  the  fender  or  its  warping 
tug  tender.*  What  would  happen  if  the  sea  conditions 
were  more  severe?  In  an  effort  to  answer  this 
question,  the  CEl. -developed  ship  motion  computer 
program**  was  used  to  predict  the  motion  of  a single 
1x15  fender  string.  This  analytical  model  is  based  on 
strip  theory  and  uses  deep  water  added-mass  and 
damping  terms  in  the  equation  of  motion.  The 
following  assumptions  were  made  in  the  analysis: 

• The  1x15  is  floating  free  and  is  unrestrained  by 
either  the  warping  tug  or  piling. 

• The  mean  water  depth  is  20  feet  (6.1  m) 
(approximate  average  depth  at  the  pierhead). 

• Two  wave  headings  are  considered:  stern-on  to 
the  fender  and  1 5 degrees  off  the  port  stern 
(the  stern  is  assumed  to  be  the  seaward  end  of 
the  fender). 

The  results  of  the  motion  analysis  are  presented 
in  l igures  1-27  and  1-28.  The  point  of  interest  (the 
point  at  which  the  motion  is  computed)  is  on  the  top 
of  the  1x15  string  at  the  forward  port  corner,  a likely 
location  for  securing  a spring  line  during  fender  moor- 
ing. Ihe  results  appear  as  period-tlependent  longi- 
tudinal, transverse,  and  vertical  displacement  response 
amplitude  operators  (KAOs),  i.c.,  displacement  per 
foot  (or  meter)  of  incident  wave  amplitude.  The 
theory  is  linear  so  that  estimates  of  fender  motion  for 
waves  of  any  given  amplitude  can  be  found  by  taking 
the  product  of  the  wave  amplitude  and  the  KAO. 
Thus,  in  l-igure  1-27,  for  a 6-foot  (1.8-m)  high, 
16-second  wave,  the  longitudinal  motion  at  the  point 
of  interest  is: 

Displacement  = RAO  x wave  amplitude 

= 3.0  X 3.0  = 9.0  feet  (2.7  m) 

The  total  excursion  fore  and  aft  is  twice  this  value,  or 
18.0  feet  (5.5  m). 

In  praetiec  the  fender  would  be  restrained  some- 


what by  the  warping  tug  during  mooring  and 
retrieval,  but  nevertheless  it  can  be  seen  that  consider- 
able fender  motion,  especially  in  surge,  is  possible 
during  installation  when  a long-period  swell  is 
present. 


See  Volume  I for  environmental  t>t>servalions 

See  Oil,  Technical  Note  N-l  371 : The  motion  of  floating  advanccti  liasc  components  in  shoal  water  — A comparison 
helween  theory  and  field  test  data,  hy  1).  A.  Davis  and  II.  S.  Zwihel,  Port  llueneme,  California,  Jan  1975, 
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SKCTION  5 


I INDINtiS  AND  CONCLUSIONS 


1.  During  1‘liasc  II  of  ilic  clfvatcil  causeway  tests,  the 
femler  system  withstood,  without  damage,  a 2. 5-knot 
(1.3-m/see)  how-on  impact  hy  I’lllIKiB-ONI'.’s 
112-ton  ( 101 ,6(M)-kg)  warping  tug.  The  fender  sur- 
vived, with  some  damage  to  the  restraint  piles  and 
one  top  assembly  angle,  a 5-knot  (2.6-m/sec)  impact 
hy  the  same  craft. 

2.  Based  upon  the  impact  test  results  and 
performance  during  the  container  unloading  pha.se  of 
the  elevated  causeway  tests,  it  is  conservatively 
estimated  that  the  elevated  causeway  fender  can 
ahsorli  the  herthing  impact  from  a fully  loaded  1610 
Class  I.Cll  having  a normal  impact  velocity  of  2 knots 
( 1 .0  m/sec). 

3.  On  several  occasions  the  fender  system  survived 
8-foot  (2.4-m)  seas  without  damage.  The  fender  sys- 
tem for  the  elevated  pier  has  been  designed  to  survive 
waves  up  to  10  feet  (3.0  m)  in  height.  Careful  inspec- 
tion of  the  fender  system  after  45  days  of  service  at 
Coronailo  suggests  that  the  fender  would  remain 
operational  for  the  6-to-l 2-month  period  projected  as 
the  operational  lifetime  for  the  COTS  elevated  pier 
system. 

4.  The  commercial  foam-filled  cushions  effectively 
cushion  herthing  impact.  After  45  days  in  place  at 
Coronado,  the  cushions  exhibited  no  evidence  of  sub- 
stantial wear  or  degradation  of  performance.  One 
cushion  sustained  a 9-inch  (22.9-cm)  tear  in  the  outer 
covering  which,  however,  was  judged  easy  to  repair. 

5.  Commercial  foam-filled  cushions  having  a solid 
steel  core  are  adequate  for  the  elevated  causeway 
fender  application.  An  experimental  cushion  that  was 
tested  at  Coronado  and  is  designed  to  compress  lon- 
gitudinally offers  no  special  advantages  over  conven- 
tionally constructed  cushions. 

6.  On  the  basis  of  wearing  properties  and  resistance 
to  exposure  to  the  saltwater  environment,  the  rubber 
chafing  plates  used  on  the  seaward-most  fender  arc  a 
far  better  choice  than  the  oak  planks  used  on  the 
shoreward-most  fender. 


7.  Mooring  bitts  or  chain  plates  on  the  fender  arc 
required  to  aid  line  handlers  during  installation  and 
removal. 

8.  Pile  guides,  which  are  installed  in  the  external 
spudwells  on  the  pierhead  prior  to  insertion  of  the 
restraint  piles,  are  effective  devices  for  vcrticallv 
aligning  the  piles. 

9.  A long-period  swell  could  induce  excessive  surge- 
motion  of  the  fender  system  which  would  add  greatl\- 
to  the  difficulty  encountered  during  installation  and 
removal. 


'•  PFECEDIMl  PAdE  BUVNK-NOT  FILMED 


CIIAPTKK  2 


ABSOLUTK  i.k;iiti;ka(;k  motions* 


2.1  INTKOm'CnON 


2.2.2  Navy  I.OM-K  aiul  LCO 


Sv.ikcipinj;  tests  were  eondueteil  on  various  liglu- 
ers  partieipatinj;  in  the  elevated  eauseway  tests  at 
I'oronatlo.  I'he  purpose  ot  the  seakeepiny  tests  was  to 
oliiain  data  that  eould  he  used  to  evaluate  the  efleets 
of  wate-indueed  motions  on  the  off-loading  and  load- 
ing procedures. 

I he  objectives  of  the  David  I aylor  Naval  Ship 
Kesearch  and  Development  (ienter  (D  TNSKDC)  Ship 
I’erlormance  Department  during  the  trials  were  to 


rhe  l.().\1-8  and  the  1652  I.Cf  were  also  tied 
alongside  the  fender  system  for  off-loading  ami 
loading  of  containers  as  seen  in  figures  2-2  and  2-3, 
respectively.  I he  l.(:,M-8  has  a light  tlisplaeemein  and 
length  of  1I5,(K)()  pounds  (52,000  kg)  and  74  feet 
(22.6  m),  while  the  light  displacement  and  length  of 
the  1652  I. Cl'  are  455,000  pounds  (206.000  kg)  and 
I 35  feet  (41.4  m)  respectivelv  . 


• Measure  anil  analv  /e  wave  height  data  ol.tained 
from  a Waverider  huoy  svstem  and  from  a fixed 
ultrasonic  probe  attached  to  an  outboard  ele- 
vated causeway  section. 

• Measure  and  analyve  lighter  absolute  motion 
data  taken  wben  the  vessels  are  alongside  the 
elevated  causeway  . 

file  results  of  the  measurements  are  presented  in  tab- 
ul.ir  ami  graphical  form  in  order  to  aid  in  the  evalua- 
tion of  the  various  lighters.  I his  evaluation,  however, 
IS  limited  by  the  tnagnitude  of  the  swell  wave  heights 
encountered  during  the  operations. 


2.2  I.ICMTKK  CMAKACTKKISnCS 

I he  lighters  involved  in  the  operations  included 
(I)  a three-section  eauseway  ferry  tied  to  a warping 
tug,  (2)  a I ( M H,  and  (3)  a 1626  Class  I.CT'. 

2.2.1  floating  Causeway  Sections  and  Warping  lug 

I he  causeway  ferry  and  warping  tug  sy  stem  were 
tied  alongside  the  fender  systems  as  seen  in  figure  2- 1 
f'.ach  eauseway  section  is  21  feet  (6.4  m)  wide  by  90 
feet  (27.4  m)  long  with  a draft  of  1 .33  feet  (0.41  m). 
I he  displacement  of  each  eauseway  section  is 
137,000  pounds  (62,000  kg)  while  the  warping  tug 
displacement  is  224,000  pounds  (102,000  kg). 


2.3  TKS  r CONf  ICUKATIONS  AND 

INSTRUMI-NTATION 

■fable  2-3  lists  the  date,  run  number,  and  vehicles 
involved  in  a particular  off-loading  or  loading  exercise 
at  the  (aironado  test  site,  file  table  also  indicates 
whieh  particular  seakeeping  measurement  was  made 
during  the  exercises. 

.Motions  were  measured  on  the  various  lighters  us- 
ing either  the  Dl  NSKD('  motion  measuring  |i.ickage 
or  the  llumphrev  stable  platform  p.ickage  I he 
DfNSKIX!  motion  package  consisted  of  .i  gv  roscope 
to  measure  pitch  and  roll  and  three  hard-mounted 
Donner  aceelerotneters  to  measure  surge,  heave,  and 
sway  accelerations.  Ihe  llumphrev  motion  package 
eonsisteil  of  a llonev  well  gyroscope  to  me.isure  pitch 
and  roll  and  three  gv  ro-stabili/'ed  accelerometers  to 
measure  surge,  heave,  and  sway  accelerations  figures 
2-f  through  2-8  indicate  the  placement  of  either  the 
DfNSKIX;  package  or  the  llumphrev  platform  on 
the  various  vehicles  for  each  trial  run.  I igure  2-9 
shows  the  llumphrev  platlorm  mounted  on  the 
I.C.M-8. 

Wave  height  was  measured  with  the  ( I I D.ita 
well  Waverider  buoy  . Ihe  wave  height  data  vvre  tele- 
metered from  the  buoy  to  the  instrumentation  van 
located  on  the  outboard  etui  of  the  elevated 
causeway  , fhis  buov  was  moored  about  250  vards 
(229  m)  from  the  elevatevl  causeway  in  25  feet  (7.6 
111)  of  water.  Wave  height  vvas  also  measured  using  a 
Wesmar  ultrasonic  transducer  fixed  to  the  outermost 
edge  of  the  elevated  causeway  (figure  2 10). 


• .-Xs  ri-jvnriol  tiy  1 awrt-iu  i-  ( Itiiih.  ot  I)  I NSKIX  for  adiliiicMul  tit-tails  itf  I he  motion  im-aMiri-tm-nts.  sec  I)  I'NSKIX ' 
Keport  SPI)  51  5 02  (Iti  invcstigatiim  nl  tlic  altsoliitc  vehicle  moiions  involved  m the  lontainer  ott  loading  and  transter 
system  t(  t ) I SI  Inals,  liy  I awreiue  ( Itiilh.  .Mar  197r>  - 
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V; 


pfbcedim;  PAdfi  bunk-not 


'Nw. 


I ij;urc  2 1 Otf-lo.ulmj;  comaiiu-rs  from  Oiiatinj;  i iiist'wav  sfctioiis  alongsulo 
c'Icvaiid  causeway. 


■Ml  ilala  were  reeonled  on  analog;  tape  ami  strip  Data  were  reeordeil  for  a suftieiem  period  of  nine  to 
iliarts.  olitain  a j;ood  statistieal  sample  of  information 

I'ljjures  2 fl  anil  2-12  compare  wave  heijjlit 
spectra  obtained  from  the  buoy  and  the  ultrasonic 
2.4  I KS I KKSri.  rS  probe  for  seeeral  test  runs.  All  spectra  arc  point 

spectra. 

I able  2 2 presents  the  sij;nif  leant  ship  motions 
and  wave  heif>ht  for  each  run  made  durmj;  the 

elevated  causeway  tests.  The  significant  values  for  all  2.5  DISri'SSION 
channels  are  obtained  from  the  response  spectra, 

where  the  significant  value  is  defined  as  the  average  of  Due  to  the  ver\  moderate  weather  that  prevailed 

the  one  third  highest  peak-to  peak  excursions  for  a during  the  tests,  all  runs  were  made  in  vers  low  seas, 

particular  channel  during  a test  run  l or  the  majority  The  svase  height  spectra  in  l igures  2 10  and  2 11 

of  the  test  runs,  all  lighters  remained  fully  loaded  so  indicate  that  most  of  the  energy  in  the  seawas  was 

that  a steady-state  displacement  could  be  obtained.  from  a predominant  swell  component  with  a period 


I•l^;^lrc  2 2.  Off-loading  containers  from  I.C.M-8  alongside 
elevated  causeway. 


j of  approximately  14  seconds.  There  was  very  little  l.(',.M-H . Also  extremely  small  translational  accclera- 

l energy  in  the  higher  frequency  components  of  the  tions  were  obtained  on  all  lighters  during  the  tests, 

j seaway.  In  fact,  the  maximum  significant  wave  height  Thus,  the  heave,  surge,  and  sway  translations  during 

rccordeil  during  the  4 days  of  container  unloading  the  tests  were  all  seen  to  he  almost  negligible.  The 

I tests  was  1.85  feet  (0.56  m).  Very  good  agreement  most  notieeahle  motion  on  all  the  lighters  was  pitch, 

was  obtained  between  the  buoy  and  ultrasonic  probe  and  these  magnitudes  are  presented  in  Table  2-2. 

I wave  height  spectra.  Tor  the  most  part  the  ultrasonic  A better  evaluation  of  the  effect  of  waves  and 

I significant  wave  height  was  slightly  less  than  that  motions  on  the  transfer  system  could  have  been  made 

I obtained  by  the  buoy  as  can  be  seen  in  'I  able  2*2.  if  the  seaway  had  been  of  a larger  magnitude. 

^ .As  a result  of  the  low  seaway,  very  small  motion 

levels  were  obtained  on  the  lighters  used  during  the 
operations.  Table  2-2  indicates  that  the  maximum 
significant  pitch  of  2.38  degrees  occurred  on  the 
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I igurc  2 } ()ff-lo.uiing  ^.^lnulnl■r^  from  CUss  1652  l.Cl'  .ilongsuic  clcv-itod 


21.0  ti 


forward 


4.9  ft  (1.5  m) 

DTNSRIX:  paikagi- 


iMgurc  2-4.  DTNSRDt;  motion  package  on  aft  causeway  section  for 
runs  1 , 4,  5,  and  6. 
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Figure  2-5.  Humphrey  stable  platform  location  on  1652  LCU  for  runs 


forward 


rigurt-  2-9.  Humphrey  stable  platform  mounted  on 
I.CM-8. 


Humphrey  stable  platform 
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Based  on  figure  13  in  DTNSRIX;  Report  SPD-5I5-02.  An  investigation  of 
the  absolute  lighter  motions  involved  in  the  eontainer  off-loading  and  tiansfer 
system  (COTS)  trials 

figure  2-12.  Buoy  and  ultrasonic  probe  wave  height  spectra  for 
runs  14,  15,  16,  and  1 7.* 
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Table  2-1.  I.ij>hter  Motion  Test  Condition' 


1 ightcrs  Involvot! 

Measurements 

Operation 

Date 

(xmfigu  ration 

Tug  and  causeways 

Waver' Jer  buoy  wave 
height,  ultrasonic 
prolK-  wave  height, 
pitch,  roll,  heave 
acceleration,  surge 
acceleration,  sway 
acceleration 

Motion  measurement  of 
four  empty  containers 
being  loaded  onto  cause- 
way 

2 Dec  75 

figure  2-4 

1'ug  and  causeways 

Waverider  buoy  wave 
height,  ultrasonic  probe 
w’ave  height,  pitch,  roll, 
heave  acceleration,  sway/ 
sway  acceleration 

Motion  measurement  of 
four  empty  containers 
being  loailed  onto  cause- 
way 

2 Dec  75 

figure  2-4 

Tug  and  causeways 

Waverider  buoy  wave 
height,  ultrasonic- 
probe  wave  height, 
pitch,  roll,  heave 
acceleration,  surge 
acceleration,  sway 
acceleration 

Motion  measurement  ol 
four  empty  containers 
being  loaded  onto  cause- 
way 

2 IX  c 75 

f igure  2-4 

Waverider  buoy  wave 
height  and  ultrasonic 
prolw  wave  height 

Waverider  buoy  wave 
height  and  ultrasonic- 
probe  wave  height  com- 
parison 

2 IX-c  75 

f igure  2-4 

Waverider  buoy  wave- 
height  and  ultrasonic  I 

probe  wave  height 

Waveritler  buoy  wave 
height  and  ultras4>nic 
probe  wave  height 
comparison 

3 Dec  75 

figure  2-5 

1652  I.CU,  I.CM-H 

Waverider  buoy  wave 
height,  ultrasonic  probe- 
wave  height,  pitch,  roll, 
heave  acceleration,  surge 
acceleration,  sway 
acceleration 

Motion  measurement  of 
I.CU  loaded  with  two 
full  containers  alongside 
eievated  causeway; 
KCM-8  rafted  next  to 
I.CU 

3 IHi  75 

f igure  2'5 

Waverider  buoy  wave- 
height  and  ultrasonic 
proln*  wave  height 

Waverider  buoy  wave 
height  and  ultrasonic- 
probe  wave  height 
comparison 

3 IX«.  75 

I- igure  2-6 

Waverider  buoy  wave 
height  and  ultrasonic 
probe  wave  height 

Waverider  buoy  wave 
height  and  ultrasonic- 
probe  wave  height 
comparison 

3 IX  c 75 

figure  2-5 

UM  8 

Waverider  buoy  wave 
height,  ultrasonic  probe- 
wave  height,  pitch,  roil, 
heave  acceleration,  surge 
acceleration,  sway 
acceleration 

Motion  measurement  of 
IX^M-8  without  contain- 
ers alongside  elevated 
causeway 

4 Dec  75 

f igure  2-6 
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I'abir  2-1 . continucii 


Run 

\o7' 

1 ighlcrs  Involved 

Measurements 

Operaiiim 

Date 

( onliguration 

1 5 

1652  1.(1 

Waverider  buoy  wave 
heigtit.  ultrasonic  probe 
wave  height,  pitch,  roll, 
heave  acceleratitm.  surge 
acceleration,  sway 
acceleration 

Motion  measurement  of 
l.(T'  without  containers 
akingside  elevaic-tl  cause- 
way 

4 Dec  75 

1 igure  2-7 

16 

Waverider  buoy  wave 
height  and  ultrasonic 
probe  wave  height 

W'averider  buoy  wave 
height  and  ultrasonic- 
probe  wave  height 
comparison 

4 Dec  75 

l-igure  2-7 

17 

1652  I.CL' 

Waverider  buoy  wave- 
height  and  ultrasonic 
probe  wave  height,  roll, 
pitch,  heave  accelera- 
tion. surge  acceleration, 
sway  acceleration 

Motion  measurement 
of  IXX’  without  contain- 
ers alongside  elevated 
causeway 

4 Dec  75 

l igure  2-7 

IK 

Waverider  buoy  wave 
height  and  ultrasonic- 
probe  wave  height 

Waverider  buoy  wave 
height  and  ultrasonic 
prolte  wave  height 
comparison 

5 Dec  75 

l igurc  2-7 

IV 

i ug  and  causeways 

Waverider  buoy  wave 
height,  ultrasonic  probe 
wave  height,  pitch,  roll, 
heave  acceleration,  surge 
acceleration,  sway 
acceleration 

.Motion  measurement  of 
tug  and  causeway  loaded 
with  eight  empty  contain- 
ers 

5 Dec  75 

l igure  2-K 

1 

1 

20 

l ug  and  causeways 

Waverider  buoy  wave 
height,  ultrasonic  prtibe 
wave  height,  pitch,  roll, 
heave  acceleration,  surge 
acceleration,  sway 
acceleration 

.Motion  measurement  of 
tug  and  causeway  loadcil 
with  eight  empty  contain- 
ers 

5 Dec  75 

l-'igure  2-8  | 

1 

1 

1 

‘^Bascil  upon  Tabic  1 in  D'l'NSKIX:  Report  SBD-51  5-02  An  investigation  of  the  alisoluic 
lighter  motions  involved  in  the  container  off-)oaiiing  atul  transfer  system  (COTS)  trials, 
by  l.awrciKcC  . Ruth. 

^Runs2.3.7.  10.  and  12  deleted  due  to  short  runtime. 
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